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Building‘ frames with all connectione made by arc welding have
been in existence since 1920, and all welded bridges were first completed in
1928.

Welded steel frame construction has been developed entirely since the
war, and all welded structures of considerable size have been built since 1925.

Eleotric are welding after many years of diversified use in the manufacture of

]

steel products and the maintenance of equipment was first applied to heavy

building frame construction in 1926. As early as 1920, bowever, all welded

framing had been used for several years; and before that, welding had been

utilized ag an auxiliary prooess for some Joints in building construetion.

The years between 1920 and 1926 did not see sny marked extension in the use of

welding for buildit:g construotion or any large structures built by welding.
The ;torgan Engineering Company of Alliance, Ohlo, puilt some one

story and two story buildings in the Middle West, imoluding a 120 ton building

at Canton, Ohioc. The Chiocago, Burlington, and Quiney Railroad construsted

for 1ts own use two or more small shop building/in Illinois, using maimly

reclaimed gteel which would have been cut for scrap it welding had not pro=-

’ vided a convenient means for assembling the material into new structures.

The serious commercial development of welding commenced in 1926,

when the Westinghouse Eleotric emd Manufacturing Company planned and construoted

a heavy five-story faotory building at its plant:in Sharon, Pemsylvania.

Seven hundred and nimety tons of steel were reguired, as compared with about
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‘nine hundred toms 1n an altermative design prepered for riveting, In
dimensions, number of stories, weight of gteel and amount of welding, the
Sharon Building was many times larger than any previous welded struoture,
Beams and girders were made continuous where possible, and this building in-

oluded the firgt Welded plate girders,

Bullding, it was inevitable that electrio welding would réplace rivets in
bridges.
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In the winter of 1927-28 at Chioopes Falls, Hasnaehnsetts, the firat
all welded truss bridge was constructed. It is g through-trues bridge w;l.th
&n extreme angle of skew and span of 135 feet. This bridge used for Ifreight
traffic only, is one-thirg lighter than a Sorresponding riveted bridge,

This saving in weight is attributable to (a) elimiration or guesets at minor

Jeints, (b) utilization of €ross instead of net sections or tension Dembersg,

Jears 1928 ang 1832, 1In 1929-1930, the first a11 welded bridge wag built
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in Europe, This bridge wag constructed by the FPoligh Government gt Lowiez,

Poland, for a highway Orossing over the Sludevia River, The bridge hag &

members, The Polish bridge welighed 55 tong and if made witp rivet Joints,

1928 saw one or the first ali wolded plate girders bridges erected
in Aneriqa. &t Eagt Pittsburgh, Peunsylvaniga, This bridge wag designed for a
185,000 locomotive and weighed 39,300 pdunds. Girders were of 53 feet 8pan
and five feet deep. Flat plates were uged exolusively for all membersg .
flanges, web ang web stiffners, Floor beams, mg well ag Btringers, were

welded in plage, (Ref. 3.)

ltelbourne, Victoria., Auatra.lia, in 1929, At Sootohman1g Creek the floor deok
was welded to & 48 feet, 9 inchesn through riveteq rlate girger brigge, (Re-.f.. S)

¥. T. B, uocormaok, Chairmen of the Victorian County Roads Boarg, reported

that three are welded bridges were built up o that time. Alternste rivet
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and welded designs were prepared and in each oase the lowest bid was for a
welded struoture. These bridges were the Sunﬁay River bridge, the Swan Reach
‘bridge, and the Snowy River bridge. |

The Sunday Creek bridge was designed and construoted in 1530 ang
oconsists of two continuous gteel truss five Bupports carrying a 22 feet consrete
deok. The spans are 52 feet at ends and 65 feet for the central portion. The
trusses were shop fabrioated end bolted field species; it was believed, however,
that welded fieid splices would have been more economioal.

Designed and oconstruoted in 1931, the Swan Reach bridge 1s a struoture
¥ith a total lemgth of 406 feet, made up of 8ix welded plate girders spans of
62 feet, and a central span of 43 feete Rolled beams were uged for the ocentral
porticn which ig designed as future left 8pan. Flat plates ua;e uged exclu~
sively for the welddad plate girders. The total welght of steel was 101 tona
and 16,000 lineal feet of welding were used oonsisting single rm, 10 gage
electrode. |

The Snowy River bridge was designed in 1921 and construoted in 1932
on & mountain road 95 miles from the nearest seaports No railway faoilities
were avallable. It being buils essentially for livestook is algo designed
for a ten ton truck load. The bridge, a oontinumous Warren truss type, 750 feet
long, consists of four intermediate spans of 135 feet each and two end spansg
of 105 feet cache The trusses were 10 feet deep and 10 feet apart aﬁd built of
Plates, angles, snd channels. Fabrication was Recesearily made at the site

owing to its remoteness,

www . fastio.com


http://www.fastio.com/

i

N

ClibPD

An interesting application of welded trusses was made in the
Fykes Creek bridge, built in 1928-29, in Viotoria County, Australia, where
steel trusses were uszed e.s'pa.rt of the main reinforcement for s oonorete
bridges The bridge, 246 feet long, was made up of 40 foot end spans, two
5434 feet intermediate spans, and one 56% feet center span. (Ref. 5.)

In the fall of 1531, the largest all welded bridges in the world
at that time was constructed in Pra;gus, Czeohoslovakia. This bridge, =
Warren type with vertiocels, had a epan of 161 feet, 3 inches, and & height of
21 feet, 1l inches. ihe trusses were 27 feet, 4 inches apart and connected
by 31 inoh plate girder floor beams. Rolled I beam gtringers were made con-
tinuous by welding to the webs of the floor beams. At this time there were
no regulations for welded bridges in Czechoslovakia and provisional regulaw
tions were made by the Skoda Works in whoge plant the bridge is« The main
members were built up of plates and rolled members since at that time there
were sultable rolled seotions available. Are welding was by direot current
with wmcoated wire eleotrodes. In all there were 15,158 feet of welded
seams on the bridge of which 2,165 feet were welded in the field. (Refs 64)

At Leuk, Switzerland in 1930, a welded bridge of 37 tons, with a
Span of 122 fest, was ereoted. It was a deck bridge of VWarren type with
vorticals. (Ref. 8.)

The first major bridge projeot in Califorania to use welding wasg
oongtructed in 1932 as a highwgy lpassing over & rallroad on the Yosemite
V?.lley highway rear Merced, Californis. The bridge, 13380 feet long, used
welded I seoctions and welded angle sway braced copper bearing steel Pile bents,

Electric welding was mmed throughout except where stringers were riveted to

the floor beams. (Refe 7.) The use of welded I beams for bridges with
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welded fittings has been used quite extensively in America.
The Pennsylvania state highways have found 4t economical to replace

their old highway bridges with rolled I beans, and a golig flooring of wood
panels surfaced with a bituminous mestic. The desién in 1933 was an all
welded struoture with gteel ocurbe and guard railss I beams are laid parallel
%o direction of travel and tied with suitable diagonal braoing, Welding ie
done in the field and existing foundations are Rsed when praocticabile, (Ref, 17.)

In 1933 a welded 1irt bridge was bullt in Japan. The 1ift 8pan con-
tained two 69 feet, 10 panel Vierendeel trusses, 8 feet, 2 incheg deep. A4l)
members of the trusges were built wp of plates. In nost of the other bridges
mentioned, the welding was made continuous but in the bridge the welding
was only oontinuous near the ranel points and mtemittent elgsewhere. The
argument given for light oocntinuous ﬁelds is that they zeal the Joints and
thus are more oorrosion reglstant than, for example, riveted joints. In
this bridge the counterweighte 'were prlaced in the towers whioh were 40 feet
high, and 1lifting mashinery was placed within one of‘the abutments below
the roadway. All of the 4,264 linear feet of welding was done in the ghop.
The weight of the struotural steel was about 30‘ metric tons. (Ref. 8e)

Kany welded trugs bridges and welded plate girders have been built
in the U.8.8.Re At Stalinsk, Rugsia, a welded bridge of 227 feet span
and §9 feet width to carry trémay cars and highway traffie 80ross the River
Abushka, reputed at the time to be the world's largest welded bridge, was
opened totraffic in 1934,

A report in 1934 disoloses that two 150 feet shop and field welded
bridges have been built, as well as Beveral railrcad girder bridges. A test

progran waps made to determine the atrength of welded connections undex aotual .
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rallroad locomotive loadings. (Ref. 10 ang 16.)
In 1934 a two hinged welded steel aroh bridge was bullt in Czecho-~

slovakis. It was made @ of two arch ribg 20 feet, 8 inches apart, with g

rige of 35 feet. Steel columng ang beams made up the superstrusture which

supported a conorete and granite bloeck roadway. Thig structure welghed

110 tons of which 47 tons were arch rib. Over six mileg of aontinucus weld

was made with bail and coated electrodes. (Ref, 15,)

In 1934 the first all welded highway bridge in England was comple ted

-&ver the Tees River necar Newport. The frame consists of five shop fabricated

glrders welded at the site to pin sSupported columns and plate girder fipor

beams, making g fige Span oontinuous rigid frame bridge., (Rer. 23.)

the Vierendeel Bridge. 1In 1932.33 the first weldeq Vierendeel bridge wag
built over the Albert Cgnal., It had & 8pan of 208 feet. The éxperience
with Vierendell bridges has been so satisfaotory that most of the bridges are

of this type. The earlioer bridges were field riveted while the later opes
were both shop and fielg welded. By 1935 there were twenty-gix weldeq

Vieren_deel bridges in Belgium, Of these, all were highway exoept five whigh

Were railroad bridges. The Bpansg ranged from 104 to 208 feet, and the

welght ranged from 95 to 448 tons.

cation of the Vierendeel truss essier, Nenbers were generally either rolled

of built up g sectlons. Welds are usually continuous, (Ref. 9,)
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An musual example of the uge ¢f welded Vierendaeel trusses is the
117 feet swing bridge constructed in 1932 at Ghent, (Muide). Belgium providing
& 71.5 foot Bpan over the navigable chanpel on one mide of the Pivot pier,
Welding and Vierendeel trusses are a natural combination from the standpoint
of economy, asathetios, and tecimiocal design. In 1936 the number of welded
Vierendeel brigges were reported to be thirty five, either construoted or
nder contraot. Heavily flux covered eleotrodes angd a.c. welding have
been used for all these Belgium bridges. (Ref. 10.) That the welding
Vierendeel truss has been used more in Belgium than any otker cowntry in
the worlg, is, no doubt, due to the influence of Professor 4. Vierendeel
of the University of Louiain, who invented the trugs in 1897,

Since 1930 more than three hundred a1l weldsq bridges have been put
About half of them are for railroads and tha other

into service in Germany,

half for State Motor Roads which are alge under the German State Rallways
management. (Ref, 11,.)

Welding development began in 1929 with the uge of structural sections
patterned closely after those used in riv?ted construction which soon gave way
to simpler sections composed of flat flange Plates, fillet welded direotly
to the web, (Ref. 10.) |

Of the welded railroed bridgeg in Germany, the rlate girder type only
had been accepted so far. For highwey bridges, however, the Tigld arch type
iz alseo acoepted. No failroad truss bridge of trussg construction hes been
Put in service in Germany. (Ref. il.) The development of welding for bridges
has been based Upon extensive fatigue research carried out between 1930 and

1936. Every detai} of welded construction was determined with regard to

rﬁ.tigue‘ (Ref. llo)
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In Germany and Sweden, the use of specially rolled flange plate
sections has been part of their development. Some of these are illustrated
below:

The so-called Wuest profile hed an output of about 16,000 tons up

to the begimning of 1936. (Ref. 10.) These are available in thiokness up

to 3% inohes and in width up to 37-7/8 inches.
most popular type for construction of long span bridges. These are adopted

At present these are the

from the result of fatigue research, namely, to avold ocncentration of stress

‘and to have transition from one structural component to ancther as thoreughly

rounded as poseible.
The German plate girder bridges have been musnally long. In

1936 the Zeigelgraben railwy bridge was built with span of 174 feete For the
girders the Nasenprofile plate flanges were used and were rolled within one
piece s0 as to eliminste any welding of the flanges. At tﬁe bridge works

the flange and web plates were assembled in cirecular olamps which rotated on
rollers as required to bring the welds successively into the moet convenient
position. It is imteresting to mote that for most of the welding bare wire
electredes were used. Only a few high stresged Joints were welded by heavily

costed electrodes. Some of the glrders have been fabricated with antomatio

welding machines. The Sohlacthof Bridge in Dresden, completed in 1933,

whioh at the time wag the longest welded bridge in Ehrope, has a total length

www . fastio.com


http://www.fastio.com/

of 1040 feet and is composed of thirteen spans averaging between 723 and

80 feete The main girders and floor beams were built from plates shop-welded

by automatic machines. (Ref. 12.)
In the Stresalund bridge, finighed in 1936, plate girders were made

continuous over five spans. The total length of this bridge is 1771 feet,

8 inches, appears to indicate that it is the longest all welded railroad bridge

built so far, and perhaps the single span of 177 feet, 2 inokes, may be also
a record for a welded main line railroad bridge. (Ref. 11.)

Another interesting bridge ig \tvhe Kalgerberg highway bridge near
Dulsberg, bullt in 1936. The bridge is of the rigid arch type of 338 feet gpan
and possibly the longest span for an all welded bridge. (Ref. ’ 1i.) |

The bridges built at Ludersderf in 1936 for the State Motor Roads are

stated to be the longest all welded btridges in Germany, not only for their total

length, but for their single spans. The main girders are ocontinuous over

slx and seven spans, respectively. The maximum single span is 204 feet and

ites totel length is 2,452 feet. The southern bridge is only ocontinuous over

four spans but the maximum single span is 218 feet. Irianguler rib flange

(Wulst profile) plates were again used for main 'girdera. It 1a probably the
first time that girders as long as 1,328 feet were continuously welded on site,
These girders are 9 feet, 3 inches high. (Ref. 11,)
In the early stages of strustural welding the problem of fatigue
registance were given little attention. It wasg not until 1934 that the regu-
lations of the German State Railways were made to inoclude a fatigue faotor
. depending upon the rates between maximum and minimm force. Since 1930, from

& 33 feet span railroad bridge more than 30,000 tons of all welded bridge has

been built in Germany. (Ref. 1l.)

/
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In 1936, & welded Vierendeel span of 175 feet with a 264 foot

roadway and two sidewslks has been constructed over a railroad at Nerth,

Holland. (Ref. 13.)
On the Vienna-Budapest Highway a welded truss bridge of about 179 feet

span was constructed in 1934 over the Rgbia River at Gijor, Hungary, involving

over 110 tons of high strength steele (Ref. 10s)

In Buriington County, New Jersey, over the Rancocos Creek, in 1956

was constructed an all welded swing bridge. The 160 foot swing center span

is flenked by two 112 feet, 8 inches epproaches., The trusses 36 feet apart

are of the Fony type. Carnegie beams are used throughout. The bridge welighs

470 tons and all welding was done with covered electrodes. Over 10,200 linear

feet of equivalent 3/8 inch weld were used. (Ref. 18, 19.)

In 1936 a 70 fool girder bascule bridge was built for the Florida

Bast Coagt Rallways at Jupliter, Florlds. Alternate designs were prepared and

it was found that a saving in 208 of the counterweight tonnage gave the welded

bridge the advantage. All Joints were both shop and field welded with ocon-

tinuous weld. Exolusive of seal welds, 211 welds were 3/8 inch fillet except

for the lateral braoing whioch was 1/4 inoch. The girders replaced a former

wreoked span and were ereoted without interruption of train service. (Ref. ié.)
What was belidved to be the longest arc welded bridge of its kind

was ereoted in 1936 over the Raquette River on the International Highway near

Nessens, New York. It oonsisted of two 150 foot through Pratt sﬁﬁns, and a

forty foot beam span epproache The details were especlally desgigned sc that

the welder would find the Joint easily accessible. 3/8 inoh single pass
fillet welds were used throughout. Bare wire eleotrodes were used throughout
exoept at double V splices in the upper chords. The steel weighs 300 tons

and over 3,000 feet of welding wire was used. (Ref. 22.)
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The new highway bridge aoross the Ste. Anne River at the village ;
of La Parade,~Qusbec, offiocially opened Qotober 25, 1936 iz an all welded
structure consisting of six continuous deck girder spans of 107 feet which re-
place three pin oonneoted through spans of twloe that length built scme forty
years ago. The main girders were made of plates while the floor beams were
rolled seotions and stringers were made continuous by welding through the beama.

Welding was found to affect a saving of 15% over rivets. The total weight of

the structure amounted to 318 tons, of which 183 toms repreaents the maln

girders. 6,460 pounds of covered welding eleotrodes were used in the shop and

1,780 pounds in the field. (Refs 20.)

The Sullivan County bridge near Livingston Manor, oompleted in 1837,
marks the first use of welded plate girders for highway bridges in New York State.
The bridge consists of two 71 feet, 8 inches long by 72 inohes deep plate girders,

22 feet, 8 inches center to oenter. Rolled steel sections were used for floor

beams. Heavily ocoated eleotrodes were usged, and it is estimated that welding

saved 25% in weight over riveted construcfion. (Ref. 21.)
During the past ten years the materials, the technique, and equipment

for electric welding have developed considerably. These ten years have seen

the development of the first all welded bridge at Chloopee Falls to the large

hridges in Germany.
Ame:ican practids has tended to use existing rolled seotlons for

truss bridges and as yet, have not developed any special sections for plate

glrders bridges. During this period the electrodes have developed end American
. and British practioe have tended to use covered electrodes. The later Belgium

bridges have alsc shown & trend toward covered electrodes.’
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_The German trend has been toward hare wire electrodes and use of
automatic welding machines. “For & number of years orane girders have been welded
automatically in America. Speoclal sections suitable for welded plate girders

have been developed in Europe. The German trend has been toward X-ray inspection

]

of welds for their bridges, but American practice does not seem to believe that

under present day methods and materials that it warrants the additiohal expense.

However, for pipe lines, e%$s6. X-ray inspection is quite common. Progress in

the application of arc weldlng to industrial work hae become so0 extensive and

g0 far advenced in the United States that this country leadsg all others in the use of

thig process for mechanical equipment. (Ref. 60.) However, in the

field of structural engineering, partieular&y'bridga‘enginaering, the advance-

ment has not been so outstanding.

However, greater interest is being shown toward welding than before.

The 1936 American Assoclation of State’Hishway Offioclals speoifications for

bridges, inocludes regulations Ifor welding. In 1836 the Ameriocan Welding

Soclety provided a specification for bridges.
'In 1938 the James F. Lincoln Aro Welding Fowndation offered prices

for the design and practical appliocation of welding to all bfanches of industry,

including bridge engineering. (Refs 244)
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1. Arc-Welded Steel Frame Struotures, Gilbert D. Fish, MoGraw-Hill, 1933.

A text on arc welding for siruotures in general. Contains a brief history

of some of the early bridges and buildingg. ***

See also E.N.R., July 26, 1926 for account of Chioopee Fglla Bridge.

2¢ First 411 Welded Bridge in Burope, Stefan Bryla, E.N.R., April 17, 1930.

pge 644. Describes construction and features of bridge. *

3. pPlate Girder Railway Bridge Built by Welding, Ae Ge Bissel, E.N.R., Feb, 23,

1926, pgs %22+ Desoribes construotion and features of bridges - short asccount. *

4. Regulation for Structural Weldimg in Germany, Otto Boudy, Iron Age,
April 2, 1931, pgs 1075. Mentions particuler bridge = very brief.

5. Bridge Welding Practices in Augtralia, W. T. B. HoCormaok, E.N.R., May 11,
1933, pge 597+ Demoribes in fairly oomple te dstail Australien practice at

i

that time. A useful article. 'k¢k
6. Largest All Welded Bridge Built in Czechoslo , F. Faltus, E.N.R.,
Mare. 24, 1932, pg. 439. Desoribes comstruction of above bridge., **
7. Congtruction of an Over-Crosging on Steel Plies, Nilo S. Farwell,
E.N+R., Mare. 3}, 1932, pg. 463, Desoribes oonstruction of highway

overpass on Meroed, Calif, **

8. Welded Lift Bridge Built in Japan, S. Komiro, E«NeR., Jan. 4, 1933, pg. 8.

Describes oonstruction of Vierendeel 1ift gpan. *

Note: Rating =% Fair; ** good; *** excellent;
Baged upon value to writer.
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9. Vierendeel Trugg Bridge Popular in Belgium, Leon C. Rocquoi, E.N.R.,

July 26, 1935, pge 216« Desoribes Belgium practioe. Gives table of

pridge bullt in Belgium at that timee ¥%%

10. Foreign Countries l.ead U. S. in felded Rridges, La Malte Grover, EuNeRe

Nay 14, 1936, pge 703. A lengthy srticle on welded bridge practioe in

foreign countrieg, ***

11, Structursl Welding Progress in Germany, O. Boudy, Iron Age, June 2, 1938;

July 7, 1938. Desoribes researcl in welding, (2) Bridge practioce, and

(3) A number of bridges. **¥

12. Pelded Pridge in Germany Sets New Reoords, Rene Leonhardt, E«N«Rs,

Nov. 16, 1933, pgs 589. Describes Sohlacthof bridge and its oconstruction. *%

13, ylerendeel jelded Trusses Used for Dutgh Road, E.N.R., Jane. 2, 1936, DE+¢ 4s

>~  Desoribes bridge at Nuth, Holland. *

14. Double Track Basoule Span Bmploye Welded Design, H. Lawson, E.N.R.
Septe. 17, 1936, pge 408. Desoribes welded bescule bridge at Jupiter, Florida.

15+ Welded Arch of 166 Feet Span in Czechoslovakle, F. Faltus, E.N.R., NoVe 8, 1934,

pge 593. Describes arch br.{dge in Czechoslovakia. *

16. Bridge Praotices in the U,8.8.R.s C+ Te Christensen, E.N+Re, May 24, 1934,
pg. 657, Nentions a few bridges in U.5.S.R. *

17. low Copt I Beam Bridge for Pennsylvanis Highway, E.Ne.R., June 1, 1933, pge 709,

Desoribes application of welding in replacement bridges in Pemnsylvania. **

18. Largest All Welded Bridge Completed, Civil Engineering,

Describes comstruction of Ranoocas River Bridge, New Jersey. *
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19, Use_of Welding in Struotursl Steel Wglded Trues for Ranoooas Bridge.

. Desoribes above bridge. **

New_Jersey, C. E. Loos, American Welding Soclety Journal, Apr. 1938, pge 3.

20, Welded Design for Six S Continuous Girder Bridge, D. Be Armstrong,

E.N.R., Jan. 14, 1937, pg. 52. Desoribes bridge at Parade, Quebec. **

21. Felded Roed Bridge Girders Built on 70 Fte Span, 'O+ Mo Block, E«N.Re
May 20, 1937, pge 74l. Degoribes first all welded girder bridge built

in New York State. *

22, Welded Highway Bridge Trusses of 150 Ft. Spaun, Geo. L. Dresser,
E«N.R., Jan. 9, 1936, pge 40. Desoribes what is believed to congest

o bridge of its types *

N’""“‘ 23, First All Welded Highway Bridge E go

ted, E«N«Re, May 17,

1924, pg. 626. Desoribes bridge over Tees River.

24, T e State Erngineers ¥in Awards in Weldin 8i
California Highways & Public Works, Nov. 1938.

and entries to contest.
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